INTRODUCTION AN IMPORTANT aspect of lipid biogeochemical investigations is to provide information about the sources of organic matter contained within sediments. Most studies of this nature have investigated ancient sediments with the goal of characterizing the organic sources in prehistoric depositional environments. However, it is useful to study the contemporary organic geochemistry of sedimentary environments in order to contribute to a better understanding of materials found in ancient sediments. Furthermore, organic matter in modern sediments is not far removed, if at all, from biological processes and is therefore important for ecological reasons.
Of the several classes of geolipids, fatty acids and h)drocarbons have been investigated more commonly in contemporary sediments, particularly in those studies which have compared the constituents of different sedimentary environments. Major differences in both fatty acid concentration and composition were found b~, Farrington and Quinn (1973) in surficial sediments from different areas of Narragansett Bay, Rhode Island. Concentrations decreased with increasing distance from urbanized sources of organic matter, and the abundance of palmitoleic acid relative to that of palmitic acid increased over the same dislance. Brooks et al, (1976) found bimodal distributions of n-alkanoic acids in surficial sediments from temperate lakes and sub-tropical coastal marine locations. Cranwell (1974) interpreted such distributions as indicative of a blend of short-chain acids from aquatic sources and of long-chain acids from land sources. Furthermore, the relative contributions of these two types of rally acid sources to lake sediment organic matter is linked to the biological productivity of overlying waters and to erosion rates within the hike watersheds (Cranwell, 1974) . *('ontribufion Number 250 of the Department of Atmospheric and Oceanic Science.
The distribution of n-paraffins was determined in a sample of coastal marine sediment by Clark and Blumer (1967) in an attempt to identify the sources of these hydrocarbons. Sufficient differences were found between sediment n-paraffins and those in benthic and planktonic algae to rule out these potential sources as major contributors. Palacas et al. (1976) measured total alkane distributions of surficial sediments from different coastal locations along the eastern Gulf of Mexico. Gearing et al. (1976) examined distributions of both aliphatic and aromatic hydrocarbons from surficial sediments from continental shelf areas farther offshore than those investigated by Palacas et al. (1976) , Larger amounts of C2~ and C> n-alkanes plus unresolved complex mixtures of saturated hydrocarbons in samples close to the Mississippi delta suggested a terrigenous source composed of a combination of higher plant plus fossil fuel alkanes for much of these hydrocarbons, whereas a marine source was indicated by high n-C1-concentrations in samples off Florida. Total saturated hydrocarbon distributions were determined in sediments from three Washington lakes by Wakeham t1976). A large unresolved component was found in the sample from Lake Washington, which has its watershed in metropolitan Seattle, while virtually none was present in the sample flom pristine Lake Quinalt. This difference, coupled with different n-alkane distributions. svggests a portion of the hydrocarbons in Lake Washington is petroleum hydrocarbons derived from urban runoff (Wakeham, 1977a (Wakeham, , 1977b . Farrington and Tripp (1977) were able to deduce from ,-alkane distributions and from the amounts of unresolved complex mixtures of aliphatic hydrocarbons that petroleum sources contribute to the total hydrocarbons present in New York Bight surface sediments and that land-derived hydrocarbons comprise at major portion of n-alkanes in marine sediments from continental shell', slope, and abyssal plain areas. In a similar study, Keizer et al. (1978) determined from n-alkane and isoprenoid alkane distributions that biogenic terrestrial sources contributed the majority of hydrocarbons found in Scotian Shelf surficial sediments. From aliphatic hydrocarbon and sterol analysis of Mono Lake surficial sediments, Reed (1977) concluded that detrital organic debris from land sources predominates sfightly over organic matter derived from lake biota in the total organic composition of these sediments.
Based upon published reports that indicate that geolipid distributions can be used to identify sources of organic input to subaqueous sediments, we initiated an investigation into the sources of organic materials in the sediments of Lake Huron using this approach. This report gives the results of our study of fatty acid and hydrocarbon distributions.
EXPERIMENTAL PROCEDURES
Samples of surficial sediments from hydrocarbon and fatty acid analysis were collected in 1975 from two transects across the Goderich Basin of southern Lake Huron and from one transect along the axis of Saginaw Bay. The Goderich Basin is bounded by land on the east and by the mid-lake Ipperwash Scarp on the west. This scarp divides lower Lake Huron into the Goderich and Port Huron Basins (Hough, 1958) , Sampling locations are shown in Fig. I . At each of these locations, the top 5 cm of sediment was obtained and homogenized prior to transfer to solvent-rinsed glass jars and storage at -20'C until analysis. Although sediment texture was estimated, no actual grain size measurements were made in this study. Other investigations have described grain size distributions in surficial sediments from southern Lake Huron (Thomas et aL 1973t and from Saginaw Bay (Wood, 1964) . All samples were wet-sieved through a 1 mm screen prior to subsequent analysis.
Total organic carbon (TOCI was determined for each sample after treating with 1 N HC1 to remove carbonates and drying to constant weight at 60'C. A Hewlett-Packard Model 185B CHN Analyzer was used. Triplicate analyses on several samples yielded an average coefficient of variation of 3.7'~i, around the mean.
Extraction of fatty acids and hydrocarbons was accomplished using a saponification procedure adapted from one recommended by Farrington and Quinn (1971) . Thawed samples were refluxed for 1 hr in a mixture of 0.5 N KOH in 95°; methanol/benzene, 1:1. Non-saponifiable geolipids, including hydrocarbons, were separated from saponifiable materials by adding water to the cooled saponification solvent mixture and extracting with petroleum ether. After
• 30A q~._ SAGINAW this separation, the aqueous phase was acidified and saponifiable geolipids, including fatty acids, were extracted with petroleum ether. Hydrocarbons were isolated from other nonsaponifiable geolipids by column chromatography after passing the entire dissolved extract through copper to remove elemental sulfur (Blumer, 1957) . The column was packed with alumina over silica gel, both 57, deactivated and had a height:diameter ratio of 9:1. The first column fraction, eluted with petroleum ether, contained saturated and mono-unsaturated hydrocarbons. The second fraction, eluted with benzene, contained polyunsaturated and aromatic hydrocarbons and is called unsaturated hydrocarbons in this paper.
Fatty acids were isolated by methylating the dried residue of the saponifiable geolipid extract using a BF~ MeOH procedure patterned after that of Metcalfe et al. (1966) . The residue was transferred to a 50ml screwcap tube in 10ml benzene:methanol, 1:1 and 5 ml BF3-MeOH (Supelco Inc., Bellefonte, PA) was added. The tube was sealed and then heated at 100~C for 5 rain. The resulting fatty acid methyl esters were extracted with petroleum ether and purified by thin-laver chromatography on silica gel G (Merck) plates.
Gas chromatography of hydrocarbons and fatty acid esters was done with a Hewlett-Packard 5830A Reporting Chromatograph. Samples were analyzed uith two different types of columns to improve identification of individual components. The columns used for hydrocarbons were 3 m x 2.1 mm ID 3~o SP2100 (Supelco Inc.)on 100/120 mesh Supelcoport operated between 150 and 330°C at 4°/min and 2.5 m x 2.1 mm ID 10~)~, SP1000 (Supelco Inc.) on 80/100 mesh Supelcoport operated between 120 and 250°C at 8°/min. Fatty acid methyl esters were analyzed on the same SP2100 column used for hydrocarbons and also on 2m × 2.1 mm ID 105 o SP216 (Supelco Inc.) on 1(f0/120 mesh Supelcoport operated between 150 and 190C at 4/min. All analyses were performed dual differentially to minimize baseline shift at high temperatures and with hydrogen FID detectors. Nitrogen carrier gas flows were adjusted daily to optimize column efficiencies.
Identification of hydrocarbons and fatty acids was done by comparison of sample peak retention times with those of authentic standards. Amounts of these geolipids were determined by electronic integration of peak areas and comparison to the area of a quantitative standard on the same chromatograph. Corrections were made for FID response differences among each class of compounds and for errors introduced by electronic integration.
The overall extraction and analytical efficiencies for triplicate samples of spiked sediments were 90 _+ 6~o for saturated hydrocarbons, 96 _+ 6~o for unsaturated hydrocarbons and 98 _+ 6~,; for fatty acids, Procedural blanks showed negligible amounts of contaminants as determined by gas chromatography. Table 1 summarizes fatty acid and hydrocarbon data obtained from surficial sediment samples. Levels of fatty acid in the Goderich Basin samples range from 13.2 to 126.8/~g total acids per gram dry sediment. Concentrations of total normal alkane hydrocarbons and of total unsaturated hydrocarbons are also presented. These range from 1.6 to 12.8 and from 2.2 to 46.5 pg/g, respectively. As shown in Fig. 2 , saturated hydrocarbon distributions are characterized by a number of resolved peaks overlying an unresolved complex mixture (UCM) of hydrocarbons. In the Goderich Basin sediments, concentrations of these unresolved hydrocarbons are between 16.1 and 381.7 pg/g.
RESULTS
In Saginaw Bay sediments fatty acid concentrations have a narrow range, between 95.8 and 116.8 pg/g, which is due in part to the relatively uniform sediment grain size of the four samples. Concentrations of both saturated and unsaturated hydrocarbons are higher in the Saginaw Bay samples than in the Goderich Basin samples, even though the central basin samples have equivalent or higher levels of total organic carbon. Normal alkanes are present at levels of from 19.9 to 27.5 pg/g, while unsaturated hydrocarbons range from 73.0 to 176.0pg/g. Unlike the fatty acids and resolved hydrocarbons which exhibit relatively uniform concentrations, UCM amounts in these sediments increase from 349.4pg/g near the mouth of inner Saginaw Bay to 2669.0 pg/g near the head of the Bay.
In Table 2 , the distances from nearest land for each of the sediment samples are listed and various ratios are calculated. Hydrocarbon and fatty acid concentrations are given relative to total organic carbon levels and to each other. Saturated hydrocarbon:TOC ratios appear to be related to distance from land in the Goderich Basin samples. This may be a result of sediment texture; that is. finer-sized sediments have greater total surface area and therefore can have more organic matter associated with them. Similarly, total fatty acid:TOC ratios decrease with distance to land in the Goderich Basin sediments. The dominant acid in most of these samples was palmitoleic acid (16:1). This is indicated by the ratio of this acid to palmitic acid (16:0) being greater than unity. which suggests a dominantly recent biological source of these fatty acids (Farrington and Quinn, 1971) . Geolipid ratios in Saginaw Bay samples were relatively uniform, although average concentrations were higher than in the open lake.
The ratio of total normal fatty acids to total n-alkanes is also presented in Table 2 . These two classes of compounds are biochemically related and therefore this ratio can be used to compare geolipid contents of different sediments. Most of the Goderich Basin samples have ratios between 8 and 10, but the Saginaw Bay samples have ratios half this size. This implies that hydrocarbons are more important con-
?. tributors to the total geolipid content of Saginaw Bay sediments than of Goderich Basin sediments.
DISCUSSION
In Goderich Basin, the concentrations of n-alkanes and fatty acids are highest in the silty-clay sediments of the deep center stations. However, as shown in Table 2 the total n-alkane:TOC and total fatty acids:TOC ratios decrease progressively from the nearshore slope locations to the mid-lake ridge locations. Accompanying this is a general decrease in the 16:1/16:0 fatty acid ratio which may indicate a change in the source of these materials. Such changes in the contribution of these geolipid consitutents to the total organic load of sediments with distance from shore imply a terrigenous origin for much of the n-alkanes and fatty acids, perhaps combined with alteration of these materials. In contrast, the ratio of total unsaturated hydrocarbons/TOC shows no similar trend and is instead highest in the basin-center stations within each transect (42 and 55) where organic carbon concentrations are highest. This suggests that most of these unsaturated hydrocarbons A -total n-alkanes/total organic carbon ratio ( × 104) B = total polyunsaturated plus aromatic hydrocarbons/total organic carbon ratio ( x 104). C = unresolved complex mixture of aliphatic hydrocarbons/total organic carbon ratio (x 104). D = total fatty acids/total organic carbon ratio ( x 10'*). E = Palmitoleic acid concentration/palmitic acid concentration. F = total acids/total n-alkanes.
may not be directly derived from land sources and may be related to the amount of organic matter in the sediment, to sediment texture or mineralogy or to populations of aquatic organisms. As an example of the latter possibility, high levels of unsaturated hydrocarbons have been found in marine benthic organisms (Youngblood et al., 1971; Blumer, 1973: Meyers, 1977) . It should be pointed out, however, that Thomas et aL (1973) could find no correlation between benthos concentration and organic carbon levels in the surficial sediments of Lake Huron, thus the source of unsaturated hydrocarbons is not obvious in these samples. Figure 3 gives comparisons of fatty acid distributions in Goderich Basin surficial sediments which provide indications of several possible geolipid sources. All show a strongly biogenic pattern characterized by large amounts of saturated and unsaturated normal fatty acids with carbon chain-lengths of 14, 16, and 18. These distributions lack the large contribution of longer-chain n-alkanoic acids found by Cranwell (1974) and Brooks et aL (1976) in several English Lakes. Such acids, from C22 to C28, are indicative of land-derived organic matter while C12-C18 acids suggest aquatic sources (Cranwell, 1974) . Indeed, the distributions found in the Lake Huron sediments resemble more closely fatty acid distributions reported by Cooper and Blumer (1968) and Farrington and Quinn (1973) for marine sediments than those described in English lakes. However, Matsuda and Koyama (1977) report a surficial sediment fatty distribution in Lake Suwa, Japan, which is very similar to the Lake Huron distributions shown in Fig. 3 . It is probably that the dominant fatty acid sources in Lake Huron, as well as in Lake Suwa and the marine locations, are aquatic.
The abundance of monounsaturated acids such as palmitoleic and oleic shown in Fig. 3 gives support to an aquatic source of much of the acids in Lake Huron sediments. Palmitoleic acid has been found in relatively high levels in phytoplankton (Chuecas and Riley, 1969; Lewis, 1969; De Mort et aL, 1972; Boutry and Barbier, 1974) and accompanying relatively high concentrations of oleic acid in sediment bacteria (Johns et al., 1977) . In addition, the longer-chain C22 unsaturated acid in the distributions in Fig. 3 is docosahexaenoic acid and may indicate a contribution of zooplankton lipids.
Longer-chain n-alkanoic acids characteristic of terrigenous sources (Brown et aL, 1972 : Cranwell, 1974 Fig. 3 . Distributions of fatty acids in surficial sediment samples from two transects across the Goderich Basin of southern Lake Huron. Distributions normalized to major component. Solid line = n-alkanoic acid. dashed line = n-alkenoic acid, dotted line = iso plus anteiso acid. See Table I and Fig. 1 for station locations.
1977 : Gaskell et al., 1975) are found, however, at stations 42 and 55 near the deepest parts of the Goderich Basin and at station 41 on the flank of a mid-lake subaqueous ridge. These acids could have been transported to the bottom of this basin associated with sediment particles originating from land run-off Large amounts of n-alkanoic acids can be adsorbed by suspended sediments and longer-chain acids are preferentially adsorbed relative to shorterchain ones (Meyers and Quinn, 1973) . Thus, transport from terrigenous sources and accumulation in the basin center can be used to explain the saturated C22 and C24 acids found at stations 42 and 55 and it is reasonable to expect a similar although perhaps much smaller accumulation at most Lake Huron locations. Station 41, however, is on the sloping side of a mid-lake ridge. The surficial sediment at this location is sandy and is probably a glacial till (Thomas et al., 1973: Kemp et al., 19741 . Therefore, this sediment may be considerably older than that at any of the other locations in this study which appear to be accumulating modern sediments. Matsuda and Koyama 11977) have found an increase in abundance of C24 relative to C~0 n-alkanoic acids which occurs with depth of burial in Lake Suwa sediments, suggesting preferential degradation of shorter-chain acids in sediments with time. It is possible that the presence of ('2z and Cz4 saturated acids at station 41 is due to a loss of shorter-chain acids and an accompanying enhancement of the relative contribution of longerchain acids over time. In support of this possibility, only at station 41 is the ratio of palmitoleic acid (16: 1) to palmitic acid 116:01 less than unity ( Table 2 ). The preferential loss of unsaturated acids over time of burial is well-documented (Parker, 1967; Fartington and Quinn, 1971 : Johnson and Calder, 1973 : l-arrington eta/.. 1977 Sassen, 1977; Matsuda and Koyama, 1977) . Hence, it is possible that the presence of longer-chain components in the n-alkanoic acid composition of this mid-lake station could be from diagenetic loss of shorter-chain compounds over time, rather than from modern transport and accumulation processes. However, it is also possible that the relatively smaller contribution of alkenoic acids to total acids at station 41 indicates less biological productivity in this region of Lake Huron (Cranwell, 19771. Branched-chain iso and anteiso fatty acids are important in the distributions shown in Fig. 3 , These lipids are abundant in sediment bacteria (Leo and Parker, 1966: Cooper and Blumer, 1968; Cranwell, 1973a Cranwell, , 1974 Johns et al., 1977) and their presence is indicative of microbial biomass and alteration products in sediments (Parker, 1967; Boon et al., 1975 : Brooks et al,,, 1977 . In the two transects across the Goderich Basin, the proportion of iso plus anteiso C~,,, C~ s and C~6 acids increases with distance from shore, and the proportion of monounsaturated acids decreases (Fig. 2.) . Johnson and Calder (1973) found that an increase of branched acids and a decrease in unsaturated acids with depth or age of burial in a marsh sediment was caused by in situ microbial activity. The distributions found in these Lake Huron samples may result from (1) different benthic environments having characteristic microbial populations across the transect or (2) an increase in sediment transport time from land to each location and therefore in exposure to microbial alteration. While benthic environments probably are different, a progressive change such as seen in Fig. 3 suggests distance from land may be an important factor in the geolipid content of these sediments. Furthermore, sedimentation rates decrease with distance from land in these transects (J. A. Robbins, personal communication, 1977) , indicating the mean surficial sediment sample age increases across the basin. The location having the slowest accumulation rate and therefore greatest mean sample age is station 41, near mid-lake. This sample displayed the greatest amounts of branched fatty acids in Fig. 3 . Thus, analysis of these transect samples leads to the conclusion that slower sedimentation rates contribute to greater microbial alteration of fatty acids associated with accumulating sediment particles. Figure 4 shows that distributions of n-alkanes in surficial sediments from Goderich Basin are bimodal. Shorter-chain alkanes (C~5-C~9) comprise one part of these distributions and longer-chain hydrocarbons (C25-C3a) the other. Shorter-chain alkanes, most prominently n-Clv, are indicative of algal hydrocarbons (Clark and Blumer, 1967; Winters et al., 1969; : Youngblood et al., 1971 Giger and Schaffner, 1975; Paoletti et al., 19761 . Thus, there is an important input of algal hydrocarbons, probably from within Lake Huron, to these sediments. The longer-chain portions of the alkane distribution are dominated by C25 , C27 or ('29 in the various samples. Higher plants typically have n-alkane maxima at C27, C29 or C31 (Douglas and Eglinton, 1966; Cranwell, 1973b; Giger and Schaftner, 1975} and exist as land or as emergent aquatic species. Freshwater zooplankton distributions commonly are from C23 to C27 peaking at C25 (Giger and Schaffner, 1975) , Combination of these two very likely sources would provide the longer-chain n-alkane distributions shown in Fig. 4 , and addition of an algal hydrocarbon component would give the overall patterns found in these sediments.
Although differences exist among the distributions in Fig. 4 , the similarity of all six is striking. Evidently, all n-alkanes added to the sediments of southern Lake Huron have common or very similar origins, even though concentrations both absolute and relative to total organic carbon decrease with distance from land (Tables 1 and 2 ). Differences in fatty acid distributions are found in these sediment samples (Fig. 3) and are best explained by alteration of biological source materials. Therefore, the lack of differences in n-alkane distributions supports the general view of ) and contain proportionally more C27 C33 n-alkanes than do these Lake Huron sediments. Although not dominated by long-chain hydrocarbons, the n-alkane distributions are also not strongly skewed towards shorter components. The relative amounts of C15-C~9 n-alkanes is less than in sediments from Rostherne Mere in England (Brooks et al., 1976) , Lake Sammamish in the state of Washington (Wakeham, 1976) , the Greifensee in Switzerland (Giger and Schaffner, 1975) and Mono Lake in California (Reed, 1977) . These lakes, all eutrophic, have high algal populations and n-alkane distributions in their sediments which are dominated by n-heptadecane. Similar distributions have been reported for marine areas believed to be dominated by an algal source of organic matter (Gearing et al..
1976; Palacas et al., 1976).
Sediment n-alkane distributions of Goderich Basin most closely resemble those reported for Esthwaite Water in England (Brooks et al., 1976) and Lake Washington (Wakeham and Carpenter, 1976) . Both these lakes are highly productive and receive considerable runoff from their drainage basins. However, the Goderich Basin of southern Lake Huron is neither highly productive nor receives large amounts of runoff relative to its volume, resulting in lower absolute amounts of total organic carbon and geolipids in its sediments compared to these two lakes. It is interesting that these three lakes have such similar n-alkane distributions, evidently from similar proportions of input materials even though absolute concentrations differ. These proportions can change with time, as shown by Wakeham and Carpenter (1976) in Lake Washington where less productive aquatic conditions are recorded deeper in the sediment by a relative decrease in shorter-chain n-alkane contributions as well as decreases in concentrations of total aliphatic hydrocarbons and organic carbon.
Carbon preference indices (Cooper and Bray, 1963 ) of the six Goderich Basin samples are fairly high, reflecting large amounts of recently biosynthesized ~! }3 t5 higher plant material in the n-alkane distributions. These values, between 1.8 and 3.3, are similar to those reported for uncontaminated modern sediments from both marine (Clark and Blumer, 1967) and freshwater environments (Cranwell, 1973b , Brooks et al., 1976 Wakeham and Carpenter, 1976) . Evidently, the large size of Lake Huron has protected this portion of it from demonstrable impacts of urbanization similar to those shown for Lake Washington (Wakeham and Carpenter, 1976 : Wakeham, 1976 , 1977a and Lake Zug (Giger et al.. 1974) . In surticial sediments from Saginaw Bay, concentrations both of ~l-alkanes and unsaturated hydrocarbons shown in Table 1 are about twice as high as in those of similar total organic carbon levels in the Goderich Basin (stations 42 and 55), yet fatty acid levels are comparable in both locations. Ratios of these geolipid components to total organic carbon reveal no strong trends within the Saginaw Bay sampling transect, although station 6A which is closest to land has higher ratios than the other Saginaw Bay stations. These observations are consistent with the suggestion that n-alkanes may be to a large extent land-derived, because all locations within Saginaw Bay are influenced by land runoff via the Saginaw River {Fig. I). Furthermore, the data in Table 1 from Saginaw Bay are also consistent with the idea that unsaturated hydrocarbons are related to organic matter or sediment character rather than being from terrigcnous sources because all the Saginaw Bay samples are similar to station 42 and 55 in Goderich Basin in these parameters. However, the absence of enhanced [~ttty acid amotmts expressed as either concentrations within the sediments or as ratios to organic carbon levels implies an additional source of both saturated and unsaturated hydrocarbons in Saginaw Bay. This may be from a combination of land runoff containing hydrocarbons and of different biological communities in the waters and sediments of the Bay as compared to the open lake.
The fatty acid distributions in Saginaw Bay sediments shown in Fig. 5 are very similar to each other. Relative amounts of n-alkanoic acids are the same in stations 6A. 17A. and 30A and differ only due to the appearance of longer-chain acids in station 42A. The latter station is closest to the mouth of the Saginaw River (Fig. 1) and undoubtedly receives more land-derived organic material than the other stations from this large river and its watershed. The ratio of palmitoleic to palmitic acid in the four samples is quite consistent (Table 2) , further reflecting similar fatty acid compositions. Furthermore, the contribution of branched acids is virtually the same in all samples of Bay sediment. These distributions differ from those in the open-lake samples (Fig. 3 ) in having lower amounts of branched acids and in their uniformity.
As indicated by sediment texture descriptions and TOC concentrations in Table 1 and by the ratio of total fatty acids to TOC in Table 2 . the sedimentary environment appears to be fairly uniform in Saginaw Bay. This is probably the result of sediment particle dispersion within this shallow and well-mixed bay. While surficial sediment grain size does vary in Saginaw Bay (Wood, I964) , the mean size distribution of the four l~*cations sampled in this stud\ is between 5.5 and 6.0 phi units (E. Seibel, personal communication, 1977) . Lipid material can become strongly associated with suspended sediment particles (Meyers, 1972; Shaw, 1973) and thus processes causing transport and distribution of sediment particles will also disperse associated lipids such as fatty acids and hydrocarbons and contribute towards their uniform deposition. Normal alkane patterns in the Bay sediments are also affected by deposition of well-mixed sediments. As shown in Fig. 6 , the distributions at stations 6A, 17A, and 30A are very similar and the distribution at station 42A is only slightly different. All locations have bimodal distributions maximized at C1 v and at C27 or C29. Contributions of C25 are less than in the open-lake sediment distributions in Fig. 4 , but amounts of C33 are high at both Saginaw Bay stations and near-shore Goderich Basin stations (43 and 54). Major sources of n-alkanes to the Saginaw Bay sediments appear to be algal and higher plant, with zooplankton contributing a smaller amount relative to the open-lake.
An unresolved envelope of aliphatic hydrocarbons underlying the resolved n-alkane peaks is present in large amounts in the Saginaw Bay surficial sediment hydrocarbons (Fig. 2) . Combined gas chromatography-mass spectrometry of the UCM has revealed it to be 85% cyclic alkanes (R. A. Brown, personal communication, 1976) . The Saginaw Bay UCMs are comparable to one reported for Lake Sammamish sediments by Wakeham (1976) , whereas in Goderich Basin sediments they are similar to one in pristine Lake Quinault. Because the presence of a UCM is considered diagnostic of petroleum contamination (Shaw, 1973 : Palacas et al., 1976 : Gearing et al., 1976 : Wakeham, 1976 , 1977a Wakeham and Carpenter, 1976; Farrington and Tripp, 1977) , it is likely that Saginaw Bay sediments contain petroleum-derived hydrocarbons. These could be introduced into the Bay by urban runoff from the industrial cities along the Saginaw River and its tributaries, and this possibility is consistent with the higher hydrocarbon-to-TOC ratios of Bay sediments relative to Goderich Basin sediments in Table 2 .
However, the bimodal distributions in Fig. 6 strongly suggest a recent biological source of the n-alkanes in Saginaw Bay, and the CPI wtlues of 2.1--3.4 are not as low as would be expected for weathered petroleum, for which these would be closer to unity, Evidently, the saturated hydrocarbons exist as a mixture of resolved, recently biosynthesized compounds and unresolved, weathered hydrocarbons. This is not surprising. It is probable that during weathering a preferential loss of resolved hydrocarbons occurred as shown by Bailey et aL (19731 for bacterial degradation of crude oil, leaving a UCM. In addition to petroleum hydrocarbons, it is possible that other sources, such as weathered hydrocarbons from erosion of geological formations, microbial synthesis and industrial effluents, may have contributed to the hydrocarbon mixture in Saginaw Bay sediments. Ongoing investigations of hydrocarbon distributions with depth should provide more information about these possibilities.
CONCLUSIONS
(1) Fatty acids and resolved hydrocarbons in surficial sediments from ten locations in Lake Huron give clear evidence of a recent biogenic origin. Both aqua-tic and terrigenous sources are indicated. (2) The dominant fatty acid sources appear to be aquatic and are probably algal and microbial in type whereas u-alkane distributions have a significant terrigenous component. This suggests that the more refractory hydrocarbons experience greater amounts of transport and dispersion than do the more labile fatty acids. Transport appears to occur in association with suspended sediment particles. (3) Sediment geolipid content varies across sedimentary basins. This may be due to changes in sediment texture, patchiness in benthic communities, geochemical microenvironments, variations in source materials, or different transport times and routes. Many of these parameters are interrelated and their effects cannot be isolated. This conclusion agrees with the findings of Reed (1977) , (4) Saginaw Bay surficial sediments appear to receive a significant anthropogenic input of petroleum-derived or industrially produced hydrocarbons, possible via urban runoff and etttuents. 
